Quantum chemical calculations were performed on amitrole used as herbicide in agriculture to investigate its interaction with humic substances which are the main components of soil organic matter. They contain carboxylic, phenolic, amine and quinonic groups as well as specific structural configurations. Global and local reactivity have been studied to predict reactive centers and to determine the favorable site for interaction with surface. The results suggest us that hydrogen bonds are formed between this compound and the amino acids of soil organic matter. The effect of water as solvent is considered since adsorption of pesticide commonly occurs in aqueous environment.
INTRODUCTION
Amino-1, 2, 4-triazole (ATA) is an active substance of pesticides. Potentially dangerous when applied to plants, this compound must be controlled to provide quality in food and in ecosystem. Indeed, it diminishes its capacity to capture the light and thus slows its growth [1] [2] [3] [4] . Previous experimental results suggested the formation of hydrogen bonds between the herbicide and humic acid [5] [6] . It appears that these bonds are responsible of adsorption of soluble humic substances and thus transport of amitrole in underground layers.
Fig. 1. Adsorption of Amitrole on Humic Substances
The main objective of this paper is the study of electronic structures, properties and reactivity of this herbicide with humic substances (Fig. 1 ) that have heterogeneous structure with hydrophilic and hydrophobes areas [7] [8] [9] . Frontier molecular orbital and chemical characteristics in aqueous solutionhave been used to explain the adsorption of herbicide in soil. The reactivity is related to global and local reactivity indices 10 . The chemical characteristics in aqueous solution have been determined by Fukui indices approach. The results obtained predict that the studied compounds have pseudo-aromatic structure explaining interaction between bonds, large dipole moment and significant ability to produce a hydrogen bond.
MATERIALS AND METHODS
Theoretical calculations are based on the Density Functional Theory 11 using the hybrid functional B3LYPwith 6-311G++(d,p) basis set through Gaussian09 software 12 . Graphical interface Gauss View package 13 is used for building and viewing the results. The electronic structures of the stationary points were determined using Becke's three-parameter hybrid exchange functional associated with the gradient-corrected correlation functional of Lee, Yang, and Parr B3LYP methods 14 and have been analyzed by the natural bond orbital method (NBO) [15] [16] [17] .Following energy minimization, frequency calculations were made in order to verify that all harmonic vibration frequencies have real values indicating that the structure represents a local minimum of energy. To take account of solvation effects, polarisable continuum model (PCM) was used 18 .
RESULTS AND DISCUSSION

Structural and Energy Study
The results obtained for the optimized structures of 3-aminotriazole 3(ATA) and 5-aminotriazole 5(ATA) are reported in Fig. 2 , Table 1 where values in parentheses are determined for aqueous solution.
The values obtained are in good agreement with the previous datareported in the literature 16, 17 . We can note that the molecular structures have a planar conformation with a partial electron delocalization between amino and triazolic groups. The analysis of Table 3 shows that 3(ATA) is energetically more stable than its isomer and solvated forms are slightly stabilized (respectively 0.38 and 0.41 eV). The values of the dipole moment μ vary in the same sense predicting a most important polarity for 5(ATA) and a strong electronic distribution.
Mulliken Charges
The calculation of charges on each atom allows us to determine the soil adsorption sites. The values obtained are reported in Table 4 .
It may be noted that the greatest values of the negative charges are carried by the atoms N1, N2, N4 and N6. Indeed, N2 and N4 have a pair of free electrons that would facilitate the adsorption on the ground surface. According to the results, the most appropriate site to create a binding is N4.The results obtained are in good agreement with those determined previously 20 . 
Molecular Electrostatic Potential Analysis
The molecular electrostatic potential is widely used as reactivity map providing very useful information for explaining structure-activity relationship, electronegativity, atomic net charges and chemical reactivity. Electronic isosurfaces obtained for the studied compounds, in gas phase and in solution, are reported in Figure 3 . Regions where electrostatic potential is negative correspond to areas of high electronic density and, therefore, to a strong attraction between protons of the functional groups (carboxylic and phenolic) and humic substances. On these molecular surfaces, the involved regions are on N2 and N4 with respectively an isovalue of -0,053 and -0,071. The regions where values are positive (dark blue) have maximum repulsion and low electron density. More positive electrostatic potential regions are on triazole rings with a value of 0,106.
Frontier Orbitals Analysis
A characterization of electronic molecular orbital plays an important role in the chemical stability because they reflect the activity 21, 22 .Electronic distributions frontiers molecular orbital (OMF's) and their energetic difference ΔE are reported in Table 5 . The frontiers molecular orbital, determined in gaseous and aqueous phases, are plotted in Figure 4 .
Fig. 4. Schematic representation of the frontier orbitals for 3(ATA) and 5(ATA) in gaseous and water phases
It can be seen that the HOMO is delocalized over the amino group and on the double bonds of the triazole ring while LUMO is over C5-N4 bond and on each heteroatom. The analysis shows that solvation stabilizes slightly molecular orbital and leads to similar results. We can conclude that the compounds are less reactive in solvated phase.
Global and Local Reactivity Descriptors
The general behaviour of amitrole may be analysed using the global reactivity parameters derived from DFT. The results obtained previously served for determination of electronegativity (χ), electronic chemical potential (μ), hardness (η), softness (S), global electrophilicity index (ω) defined through the following equations where I and A represent respectively ionization potential and vertical electronic affinity.
The results obtained (values in solution are in parentheses), allowing global reactivity affinities description, are grouped in Table 6 .
The values of hardness for both compounds are higher in solution leading to greater stability. With respect to ω electrophilic character index, the value obtained for the 5(ATA) isomer indicates a better reactivity.
In addition to the global reactivity parameters, it is essential to define local reactivity descriptors 23 as the Fukui Function which can be expressed as: 
Where q k is the atomic charge evaluated from Mulliken population at the kth atomic site in the neutral (N), cationic (N+1) or anionic (N−1) chemical species.
The use of local indices of Parr (ωK and NK) allows us to predict the most favorable chemical bond formation.They are given respectively by the expressions:
The results obtained for the different parameters are grouped in Tables 7 and 8 .
It may be noted that the distributions of the most reactive sites of this herbicide are located on N2 and N4 confirming the values obtained with the Fukui indices ( Figure 5) .
From all the results detailed above, it can be concluded that an electrophilic attack will preferably occur at the level of the triazole ring, more particularly on the N2 atom for the 5(ATA) in the two phases. Protonation of 3(ATA) will take place certainly at the level of N4 since this herbicide is stable in solution. These results suggest that 5(ATA) is always the most reactive and 3(ATA) is the most stable in solution. 
CONCLUSION
In the present work, the geometries of studied compounds were optimized with DFT/B3LYP methods using 6-311G++(d,p) basis set in gas and in aqueous phase. The molecular structural parameters were obtained and the Mulliken charges calculated were presented. Information on charge density distribution and structure-activity relationship were obtained by mapping electron density isosurfaces with electrostatic potential. Molecular Orbital's study reveals the intramolecular charge transfer through the conjugated system. Determination of chemical reactivity of 3(ATA) and 5(ATA) in both phases employing global and local reactivity parameters indicates that 5(ATA) is the most reactive while 3(ATA) is the most stable in ground soil. The Fukui function values suggest that electrophilic attacks on herbicides would be on N4 in aqueous conditions. The present quantum chemical study indicated that hydrogen bonds could have occurred between the soil and the organic molecules and determined the available active groups.
